Objectives: To determine the extent to which interpopulation (between-population) variance, relative to intrapopulation (within-population) variance, contribute to the total variability in nutrient intakes. Design: Cross-sectional study. Setting: Five Public Health Center districts in Japan. Subjects: Two hundred and seven men and 183 spouses. Interventions: A three-day weighed food record. Main outcome measures: The total variance in the consumption of 17 nutrient variables was partitioned by analysis of variance into its inter-and intrapopulation components separately for men and women. Results: The percentage contribution of the interpopulation to total variance differed according to the nutrient; it was notable (8±17%) for total energy, carbohydrates, phosphorus, and sodium in both men and women, but was negligible (less than 4%) for micronutrients such as retinol, carotene, thiamin, ribo¯avin, niacin and ascorbic acid. The ratio of intra-to interpopulation variance was estimated for 31 nutrients (17 in men and 14 in women). The point estimates of the ratio were larger than unity in all nutrients, and the lower limit of the 95% con®dence intervals exceeded unity for all but 5 nutrients. Of the two sources of intrapopulation variation, intraindividual variance was larger than interindividual variance in most of the nutrient. Conclusions: The relative magnitude of interpopulation variation in dietary data can be used to quantify the range of exposure in ecological studies and to examine the heterogeneity of populations pooled for individualbased analysis.
Introduction
Ecological studies and individual-based studies (such as case-control and follow-up studies) are the two major approaches used in observational epidemiology to examine the relationship between diet and chronic diseases. However, discrepancies are occasionally observed between the ®ndings of these two types of investigation. For instance, an international ecological study observed a strong positive association between dietary fat and breast cancer (Prentice & Sheppard, 1990) , while most follow-up studies have failed to ®nd such a relationship (Willett & Hunter, 1994) .
Differences in intrapopulation (within-population) and interpopulation (between-population) variation in diet have been proposed as one explanation for these inconsistencies (Prentice & Sheppard, 1990; Kushi, 1994) . A limited variability in fat intake within a population may prevent individual-based studies from detecting a positive relationship with breast cancer, which might be observed in ecological studies with a large interpopulation variation. In contrast, small variability in intake of a nutrient between populations may not allow even ecological studies to ®nd an association with disease, as may be the case for urinary sodium excretion and blood pressure (Intersalt Cooperative Research Group, 1988) . Observations from ecological studies would therefore be better understood by assessing quantitatively the relative extent to which interpopulation and intrapopulation variance contribute to the total variability in diet.
A number of studies have examined the relative contributions of several sources of variation in dietary data (Liu et al, 1978; Beaton et al, 1979; Rush & Kristal, 1982; McGee et al, 1982; Todd et al, 1983; Beaton et al, 1983; Hunt et al, 1983; Sempos et al, 1985; Tangney et al, 1987; McAvay & Rodin, 1988; Nelson et al, 1989; Hartman et al, 1990; Neuhaus et al, 1991; Wassertheil-Smoller et al, 1993) . These investigations have generally compared the intra-and interindividual variations within a population, but no studies have reported the relative contribution of within-population and between-population variance to total variability between populations. To examine intra-and interpopulation variation in nutrient intake, an exploratory analysis of dietary data obtained from ®ve regions in Japan was undertaken treating regions as a random effect.
Methods

Study design and subjects
The subjects were participants in a cross-sectional study conducted in ®ve Public Health Center districts of Japan. The study areas were selected in order to re¯ect the threefold variability of mortality from gastric cancer within the country; the age-adjusted mortality rate from gastric cancer in 1985±1989 was lowest in one district of Okinawan island (17 per 100 000 in men and 6 in women) and highest in Akita prefecture, in the northern part of the mainland (49 per 100 000 in men and 21 in women). Full details of the study design and subject characteristics have been described elsewhere (Tsugane et al, 1992a; Tsugane et al, 1992b) . Brie¯y, in the winters of 1989±1991, a total of 880 men from these ®ve regions, aged 40±49 y, were randomly sampled, and asked to participate. The response rate was 72% (n 634). The study also included 373 women who were the wives of some of the men. All participants underwent questionnaire interview, anthropometric measurements and blood collection.
Food records
Weighed food records over three consecutive weekdays were collected from a subgroup of participants who volunteered (207 men and 183 women), following a method used in the National Nutrition Survey (Ministry of Health and Welfare, 1994) with some modi®cations. Research dietitians instructed the men and their wives to record all food and beverages prepared and consumed in a specially designed booklet. The participants were asked to provide detailed descriptions of each food, including the method of preparation and the recipe whenever possible. A dietetic scale was provided for weighing food servings. For foods eaten at home, the weights prepared and the proportions consumed by the man and his wife were speci®ed (for example, 100 g rice was boiled and the man and his wife consumed 50% and 30%, respectively). The dietitians checked the records in the participants' homes during the survey, and reviewed them in a standardized way after completion. The consumption of 17 nutrient variables was calculated from these records using the Standard Food Composition Tables published by the Science and Technology Agency of Japan (Science and Technology Agency, 1982) .
Statistical analysis
Geographic correlation between gastric cancer mortality and the consumption of selected nutrients (Tsubono et al, 1997a) and foods (Tsubono et al, 1997b) in these regions were reported elsewhere. Regional differences in mean nutrient intake with adjustment for several covariates were presented in the previous paper (Tsubono et al, 1997a) .
In order to explore the components of variance in nutrient intake, both regions and subjects were treated as random effects. For each of 17 nutrients, the total intake variance from the three-day food records of 390 subjects in ®ve regions was partitioned into three sources: (1) interpopulation variance in the mean intake between the ®ve populations (var(p)); (2) interindividual variability in the subjects' usual or habitual intake (var(s)); and (3) the residual variance, which measures intra-individual variability in daily intake (var(e)). The sum of the latter two components was referred to as the intrapopulation variance. The components of variance were estimated from a twofold random nested analysis of variance using unweighted sums of squares (Thomas & Hultquist, 1978; Sen et al, 1992) .
The relative contributions of each component were assessed by computing: (1) the percentage contribution to the total variance; (2) the ratio of intra-to intra-individual variance [var(e)avar(s)]; and (3) the ratio of intra-to interpopulation variance [(var(s) var(e))avar(p)]. When the estimated variance was negative, it was set to zero. Exact con®dence intervals (CI) on var(e)avar(s) were estimated using Wald's method (Wald, 1940) solved by Burdick et al's bisection algorithm (Burdick et al, 1986) modi®ed for a two-fold design. Approximate con®dence intervals on [(var(s) var(e))avar(p)] were obtained by a transformation of Sen et al's interval on the intraclass correlation coef®cient (Sen et al, 1992) .
All analyses were conducted separately for men and women. Comparable results regarding the variance components were obtained in analyses using untransformed nutrient values, log e transformed values and nutrient density (nutrient intake per 1000 kcal), thus the ®ndings for untransformed nutrient levels are presented.
Results Table 1 presents the relative contributions of the three sources of variance in nutrient intake among 207 men and 183 women in the ®ve regions of Japan. The percentage contribution of iterpopulation to total variance was large (range: 8±17%) for total energy, carbohydrates, phosphorus and sodium in both men and women. In men, it was also large for total lipid, animal lipid and iron. The contribution was negligible (less than 4%) for the following micronutrients in both men and women; retinol, carotene, thiamin, ribo¯avin, niacin, and ascorbic acid. The ratio of intra-to interpopulation variance was estimated for 31 nutrients (17 in men and 14 in women). The point estimates of the ratio were larger than unity in all nutrients. Although they were imprecise as re¯ected by the width of the 95% CI, the lower limit of the intervals exceeded unity for all nutrients except for total lipid, carbohydrates, iron, and sodium in men and carbohydrates in women. The median ratio was 18.7 in men and 19.1 in women.
Of the two sources of intrapopulation variation, intraindividual variance was larger than interindividual variance in all nutrients except for total energy and carbohydrates in men and carbohydrates in women. The ratio of intra-to interindividual variance was largest for retinol in both men (22.9, 95% CI: 6.7±in®nity) and women (6.0, 95% CI: 3.1± 17.2). The ratio was lowest for carbohydrates in men (0.6, 95% CI: 0.4±0.8) and women (0.7, 95% CI: 0.5±1.0). The median ratio was 2.5 in men and 2.4 in women.
Discussion
The contribution of interpopulation variation was notable for total energy, carbohydrates, phosphorus, and sodium, but was negligible for vitamins. To our knowledge, this is the ®rst study to quantify the relative contribution of interpopulation variation to the total variability in dietary data collected from multiple populations.
These assessments facilitate the interpretation of ecological studies of diet and disease. A potential association between a nutrient and a disease can be detected or ruled out more easily if the study has suf®ciently large interpopulation variation in that nutrient, relative to the intrapopulation variation. If the interpopulation variability in the nutrient were small, it would be more dif®cult to detect or discount an association with disease. Our results indicate that the interpopulation variability differs according to the nutrient, suggesting that in ecological studies the statistical power to detect an association with disease may also depend on the nutrient.
Inter-and intrapopulation dietary variation Y Tsubono et al
We previously reported a geographic association between gastric cancer mortality and consumption of selected nutrients in the same ®ve regions using this data set (Tsubono et al, 1997a) . Spearman rank correlations between the mortality rates and the average intake of sodium, carotene, retinol, and ascorbic acid were 0.45, 70.80, 70.07, and 70.20, respectively. In the present analysis, the relative contribution of interpopulation to total variance in sodium intake exceeded 8%, though it was much smaller for the other three nutrients. This suggests that the interpopulation variation in sodium in our ecological study was suf®cient to detect a positive association with gastric cancer. In contrast, the lack of an association between the disease rates and retinol or ascorbic acid may have been partly due to the lack of variation between regions. Carotene showed a strong inverse association with gastric cancer, even though the interpopulation variation was small. This seemingly inconsistent observation requires careful consideration, as it may indicate that even a small difference in consumption of carotene affects the population risk of the disease, or that the ®ndings from the ecological study overestimated the true magnitude of the association between the nutrient and disease. As illustrated with this example, investigators may bene®t by considering the relative effects of interpopulation variation in nutrients when interpreting the ®ndings of ecological studies.
An assessment of interpopulation variation in diet may also be useful in prospective studies when dietary information is collected on individuals from different regions and pooled for analysis (Riboli, 1992; Watanabe, 1993) . Suppose a follow-up study using individuals from several districts has found an increased risk of a disease associated with a higher intake of a particular nutrient. There may be differences between these districts not only in the consumption of the nutrient but also in other characteristics that could not be measured at the individual level (for instance, the natural environment, cultural differences and genetic predisposition). This might lead to concern that the effect of the nutrient was confounded with the in¯uence of unmeasurable population characteristics. If the interpopulation variability in the nutrient intake is large, such confounding may be more likely, thus alerting investigators to the need for cautious interpretation of the ®ndings. If it is small, there would be less likelihood of this distortion. The relative contribution of interpopulation to total variation in a nutrient could therefore be used as an index of heterogeneity between study populations and potential for confounding with the nutrient of interest.
Of the two sources of intrapopulation variability, intraindividual variance was generally larger than interindividual variance. This is in agreement with the results of previous studies conducted in Western populations (Beaton et al, Rush & Kristal, 1982; Todd et al, 1983; Beaton et al, 1983; Hunt et al, 1983; Sempos et al, 1985; Tangney et al, 1987; McAvay & Rodin, 1988; Nelson et al, 1989; Hartman et al, 1990; Neuhaus et al, 1991; Wassertheil-Smoller et al, 1993) . Nutrients contained largely in foods consumed on a daily basis would show lower intraindividual variation than nutrients found mainly in foods eaten infrequently. In our populations, the largest source of carbohydrates was rice (54% of the total consumption), which was eaten very frequently (77 times per 100 person-meals), while the largest source of retinol was pork liver (38%), which was eaten quite rarely (0.7 times per 100 person-meals). These patterns of consumption lead to the observation that the ratio of intra-to interindividual variance was lowest for carbohydrates and highest for retinol.
As the ®ve regions studied were originally selected to re¯ect the extent of variability in gastric cancer mortality in Japan, they do not strictly represent the levels of a random variable. If there is an association between nutrient intake and gastric cancer mortality, one would expect that any bias due to the choice of regions would result in an overestimate of the interpopulation variance and in an underestimate of the intrato interpopulation variance ratio. The point estimates of the intra-to interpopulation variance ratio were greater than one for all nutrients and only 5 of the 31 reported 95% con®dence intervals covered the null value. Thus, any bias toward the null has not changed the substantive conclusions regarding the relative contribution of intra-and interpopulation variance for most nutrients. However, studies with a larger number of regions are required to precisely quantify the size of the intrato interpopulation variance ratio. Estimates of the intra-to interindividual variance ratio were not affected by the selection of regions.
Conclusions
In summary, we estimated the relative contributions of interand intrapopulation variance to the total variability in nutrient intake using data from ®ve regions of Japan and found that the contribution of the interpopulation variance differed according to the nutrient. Interpopulation variance can be used to quantify the range of exposure in ecological studies and to examine the heterogeneity of study populations pooled for individual-based investigations, in order to facilitate the interpretation of studies using data from multiple populations.
